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ABSTRACT
An investigation of the possibility of spin-coatIng a
silver halide emulsion s imilar to that used on Kodak HRP
plates onto a positive resist coated reticle blank was made.
By changing the coating weight and temperature of the
emulsion it was found that the emuls ion could be coated onto
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Over the past few years, integrated circuit fabrication
companies have been moving toward direct-write pattern
generation systems, i.e., electron beam and X-ray pattern
1
generation units, thereby eliminating the need for reticles
2
and/or photomasks. The reticle is a metal on glass mask
used as the artwork for the express purpose of imaging a
pattern onto a master mask. By eliminating these
technologies, an increase in the control of geometries less
3 4




direct-write systems are considerably slower than the
"conventional" 1X mask exposure onto a wafer method of
fabrication due to the sensitivity of the existing resist
materials. This "conventional" method will allow geometries
down to about 3um in the production line with minimal
defects not associated with the direct-write systems.
This
"conventional"
method has undergone numerous






a two layer plastic material, was used as the
q
patterning material at 250X the actual size of the circuit.
An emulsion plate was imaged with the pattern of the
rubylith design and finally a chromium or emulsion master
mask was imaged. The problems associated with the rubylith
1 0
system are numerous: accuracy of imaging into the
rubylith was approximately 25 um at 250X; production time
of the rubylith was 30-40 hours for a 1000 transitor MOS
array; the rubylith material was affected by the relative
humidity and by ambient temperature; the original art work
for a 4mm X 2mm chip was approximately 1m X .5m. The next
evolutionary step was generating the circuit design onto
directly a 10X - 5X emulsion plate and then onto a master
emulsion photomask. One of the current methods is to image
the design of the circuit via computer-driven pattern
generation system onto an emulsion reticle which is
subsequently contact printed onto a chromium 10X reticle.
This 10X chromium reticle is then reduced and repeated onto
a to a 1X master mask to be later imaged onto the wafer.
Another basic method is to generate the design directly onto
12
the chromium reticle, thereby eliminating the emulsion
mask. Unfortunately, this system is relatively slow due to
the lack of sensitivity of the resist as compared to the
1 3
more sensitive silver halide emulsion.
J
All of these
systems result in the same basic end-product, a working mask
used to manufacture an integrated circuit. Figure #1 shows
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Even though some companies are starting to work with
the direct-write E-beam and X-ray pattern generating
systems, there are still numerous companies utilizing the
more "conventional" reticle fabrication technologies to
obtain geometries in the 3.0-4.0 um range.
,17
A typical
fabrication procedure can be seen in Figure #2. Within the
area of fabrication performed by the mask house, one of the
initial steps involves generating the circuit design on the
10X reticle. There are two basic methods that are currently
employed to generate this design on the reticle. First, a
basic understanding of pattern generation is necessary.
Figure #3 shows a schematic drawing of the basic
equipment involved in pattern generation. The pattern
1 ft 1 Q
generator consists of four basic components,
'
the
control processor, the precision driven movable stage, the
shape generator and the exposing source. The control
processor manipulates the pattern files entered from the
computer so as to send signals to the movable stage, shape
generator and the exposing device. The precision driven
movable stage has the capability of both X and Y motion.
The exposing device can contain any one of three sources, a
xenon U.V. radiation flash source, an E-beam source or a low
20
energy X-ray source. The shape generator also controls
the angular rotation of the image by means of a variable




















CONTACT PRINT to 10X RETICLES
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manipulated by the control processor, the image receiver is
precisely moved from point to point by the movable
stage.21
The process of generating one pattern on an emulsion plate
may vary from less than 1,000 to over 100,000 flashes with
the xenon flash source. Depending on the complexity and the
size of the geometries desired, this correlates to a time
22
frame ranging from minutes to tens of hours per reticle.
With the advantages of a pattern-generating system,
the industry is using this tool almost solely as the method
of forming the image of the circuit design. One of the two
basic methods of imaging a design on a 10X reticle is by
means of pattern generating directly on the chromium image
24
medium. By employing this technology, the manufacturer
increases the control of critical dimension and edge
25
quality but loses time in the production of the reticle.
This loss of time is due to the lack of sensitivity of the
resist to the exposing sources. This loss of time will
mean a loss in extra income for the manufacturer.
This experiment deals primarily with the emulsion
imaging system used in the imaging of a circuit design onto
27
the reticle in the pattern generator- This method has its
trade-offs. Some of them are a loss in the control of
? 8
critical dimensions, a loss in the minimum size of the
29
geometries possible, and damage to the emulsion during the
30
chrome reticle imaging stage. The major advantage is the
increased sensitivity of the silver halide grains to a xenon
O 1
source as compared to a photoresist. This increase in
sensitivity thereby shortens the amount of time necessary as
compared to a photoresist, to image the circuit design onto
the reticle. The emulsion system will now be looked at in
greater detail.
Even though the emulsion plate is more responsive to
U.V. radiation than the photoresist material, the trade-offs
must be reviewed. The three trade-offs, critical dimension
control, minimum size geometries available and damage to the
32
emulsion plate are related to one another. The imaging of
the design onto the reticle is performed by direct contact.
33
Within the contact printing realm, Altman states that
there is a lack of good contact between any two hard
surfaces which will place subsequent restraints on the
boundaries for usable minimum size geometries. Often times,
the degree of flatness of the glass plates used as
substrates for both the emulsion and the reticle is not
34
always best therefore leaving a minimal amount of space
between the two surfaces. This lack of flatness also
contributes to a loss in critical dimension control and the
35
minimums on the size of the geometries. The damage which
occurs to the emulsion plates often times can be attributed
not solely to operator handling but also to gelatin
"slugs"
and / or glass chips lodged between the emulsion plate and
of.
the reticle.
To help alleviate these problems and to increase the




that an emulsion could be coated on top of a
39
wafer or a reticle. Marcus et
alJ
looked into dip coating
a three inch wafer with an emulsion, thereby trying to
eliminate the need for the reticle in the production of an
integrated circuit. He states his reasons for not using the
emulsion as a resist are due to "defect density being too
difficult to control", and thus being the limiting factor
40
for using the emulsion as a resist material. Sato on the
other hand describes the necessary requirements for spin
coating a photosensitive silver halide material onto a
substrate such as glass. Sato's requirments include spin
speed, gelatin concentration of the emulsion, and
preparation of the substrate. Mention is made by Sato
regarding coating the emulsion on top of a metallic material
but no considerations are given to coating the emulsion on
top of a photoresist material.
These researchers, in their work, utilized an extremely
fine-grain type of emulsion referred to as a Lippmann
4 1
emulsion. The structure and size of the grains in this
1 ?
emulsion has a density of
221.10X10"-
silver halide grains
per cubic centimeter of gelatin, with an average grain
10
42
diameter of 0.030 um. This affords geometries as small as
1.0
um.43
In this experiment an investigation of coating a silver
halide emulsion on top of a positive photoresist is carried
out. The purpose of placing the emulsion in direct contact
with the resist is two fold. The first being the increase
in sensitivity of the emulsion will mean reduced run time on
the pattern generator. Secondly there will be intimate
contact between the two surfaces of the emulsion and the
resist, reducing any of the defects mentioned earlier in the
contact printing of an emulsion reticle. This investigation
utilizes a Lippmann type emulsion as the imaging medium to
be spin coated on top of a photoresist material. The
photoresist material will have been coated on the chrome
reticle blank prior to the coating the emulsion. A positive
photoresist will be utilized because of the advantages over
44
negative photoresist materials. Positive photoresist
materials produce more accurate images, have moderate
chemical resistances and take a minimal effort in processing
technologies and procedures.
Only two problems arise in the use of a positive
photoresist as the undercoat for the silver halide emulsion.
First, the resist material is soluble in alkaline
solutions,
-*
i.e. photographic developer solutions that were
46
used are alkaline. Second, the emulsion stripping agent
1 1
may damage the resist material. Upon exposure to U.V.
radiation the inhibitor in the resist is destroyed and the
solubility of the resist is increased 1,000 times to
47
approximately 1,000
- 2,000 A/sec. This reaction induces
a re-arrangement of electrons within the inhibitor and joins
with water to form from the resist material,
48
1
, 2-naphthoquinone-2-d iazide, indenecarboxylic acid as
49
seen in Figure #4. Instantaneously, as the alkaline
solution comes in contact with these diazides re-arranging
of the electrons occurs and subsequent removal of the
50
exposed regions of the resist occurs. The problem of the
resist material being removed or damaged during the emulsion
development stripping processes prior to the resist
development stage is also a concern. One possible solution
could be the coating of a buffer layer on top of the resist
material before coating the emulsion. The purpose of this
buffer layer will be to protect the resist from contact with
the alkaline emulsion developer solution and/or emulsion
stripping agents. This buffer material should be insoluble
in alkaline solutions and transparent to U.V. radiation.
This latter condition must be met to assure proper exposure
of the resist through the emulsion once it has been
developed. In addition to these properties, the removal of















The experiment was set up in such a manner as to allow
for not only an investigation of the possibility of coating
and imaging a silver halide emulsion on top of a positive
photoresist but to also investigate some of the limits of
the coating procedure, the emulsion exposure and
development, the resist exposure and development, and the
minimum useable linewidth imaged with this system.
The following briefly describes the experiment, details
of each step are presented later in this section. First, a
spin coater was designed and built to be placed inside an
oven so the ambient temperature could be maintained between
20 to 40 C. Second, the emulsion was coated using a static
form of dispense to form a puddle on the plate and then spun
for one minute. The plate was removed, cooled, and dried.
Third, the emulsion was imaged using a step and repeat
camera and by varying the exposure over a range of 1.3
2
uJ/cm . Processing of the emulsion was performed with
commercially available chemicals. Fourth, the resist was
exposed through the emulsion using a mercury arc lamp at 4.0
2
roW/cm , with times varying between 39 and 55 seconds.
Processing of the resist and etching of the chrome was
carried out using commercially available chemicals. Fifth,
14




The equipment used in this experiment was either
fabricated or was made available on the R.I.T. campus. The
spinner that was used was designed to hold 4X4 inch glass
plates with a spin speed of approximately 692 r-p.m. A
graph of spin speed versus ambient temperature can be seen
below (Figure #5). The spinner motor was a simple
phonograph turntable motor that was either on or off with no













A simple convection oven turned up on its side was used
to maintain the ambient temperature in the range of 20-40 C.
Prior to each coating the oven lid was closed and the
temperature allowed to return to the desired level.
The target used to image the test pattern onto the
emulsion coated plates was produced by American Microsystems
Inc. of Santa Clara, California (A.M.I. ). This was a 10 X
target with a line width range from 500 urn to 50.0 um. The
target was charaterized by measuring the necessary lines
with a Vicker's image shearing microscope. Table #1 contains
the target linewidths and the measured linewidths .
The Vicker's microscope was characterized using a
measured mask supplied by A.M.I. The control line was
measured by A.M.I, on an ITP line measuring device to within
+ 0.05um. The control linewidth was 31.96uro. The average
and standard deviation of measurements by this experimenter,
over the the largest measureable distance allowed with the
500 X magnification setting, was : x = 31.986 um
s = 0.073 um
A "Z" statistical test was used to verify that the value
obtained for
"x"
was within 95$ confidence limits for use in
any further measurements made with the microscope. This
test states that if the calculated value for
"Z"'
is less
than the expected value of
"Z" then the standard deviation
16
TABLE #1
10X RETICLE FOR STEP AND REPEAT CAMERA
TARGET LINEWII)TH AS IMAGED BY A.M.I. AND MEASURED BY ST. CIN
A.M.I. ST. CIN DIFFERENCE
IMAGED (um) MEASURED (um) (um)
CB/DB CB DB CB DB
50.0 N.M. N.M. - -
40.0 N.M. N.M. - -
35.0 N.M. N.M. - -
30.0 N.M. N.M. - -
25.0 N.M. N.M. - -
20.0 N.M. N.M. - -
18.0 N.M. N.M. - -
16.0 N.M. N.M. - -
14.0 N.M. N.M. - -
12.0 N.M. N.M. - -
10.0 N.M. N.M. - -
9.0 N.M. N.M. - -
8.0 N.M. N.M. - -
7.0 N.M. N.M. - -
6.0 N.M. N.M. - -
5.0 N.M. N.M. - -
4.0 N.M. N.M. - -
3.0 30.315 29.956 0.315 0.044
2.5 24.937 24.706 0.063 0.294
2.0 19.933 19-752 0.067 0.248
1.8 17.995 17.563 0.005 0.437
1.6 15.867 15.574 0.133 0.426
1.4 13-942 13.710 0.058 0.290
1.2 11.959 11.988 0.041 0.012
1.0 9.973 9.988 0.027 0.012
0.9 8.947 8.570 0.053 0.430
0.8 7.943 7-797 0.057 0.203
0.7 6.856 6.905 0.144 0.095
0.6 5.9888 5.960 0.012 0.040
0.5 5.048 4.986 0.048 0.014
CB Clear Bar DB = Dark Bar N.M. Not Measured
17
is acceptable. The value of "Z"' was less therefore the
measurements were useable (Appendix #1).
The emulsion exposing device was a D.W. Mann Co.
Photorepeater camera model 1480. This tool reduced the
target by a factor of 10 so that the final image exposed
onto the plate had a line width range of 50um to 0.5um.
This camera moved the plate in an X / Y direction with an
accuracy of 0.00010 inch. The lens system was a 28mm f/1.8
Ultra Micro Nikkor with a minimum resolution of 650 lp/mm
over the 10 X field of reduction. The source of radiation
was a Xenon flash with an energy output range of 2.16 to
2
4.436 uJ/cm as measured with a UDT radiometer utilizing a
broadband detector interfaced with a flash integrator
(Figure #6).
The exposing device for the positive photoresist was a
Kasper model 2000 aligner. The exposing source was a
2
mercury arc lamp with a power output of 4.038 mW/cm .
Exposure times could be varied through a range of 0.1 second
to 99-9 seconds.
18
















































The emulsion donated by the Eastman Kodak Company was
an experimental dispersion #137-01. The gelatin
concentration of the stock emulsion was 5%. This emulsion
has characteristics similar to Kodak High Resolution
Plates51,52:
2
Exposure Energy 0.1mJ/cm at 230-280 nm
Density vs Critical Dimension 1.0/1.0um
Developer Kodak HRP 20 C for 3-0 mni.
Viscosity 40 C 1.08 centipoise
50 C 0.96 centipoise
Positive Photoresist
Shipley AZ 1350J positive photoresist was coated on the
chrome which was sputtered on a glass substrate plates by
Tau Laboratories. The plates were coated to the following
specifications:
AZ 1350J 10,000 A
AR chrome 1 ,000 A
Soft bake 90 C for one hour
The resist was characterized by means of an exposure /
critical dimension series for four different development
times. The chrome was etched at a constant time of 1.0
20
minute at 45 C. To characterize the resist a 1X chrome mask
of the same target used in later portions of the experiment
was imaged into the resist. The 1.6um nominal line was
measured prior to the imaging step and was found to be
1.27um in width. The exposing source was a mercury arc lamp
2
with the exposing energy ranging from 130 to 220 mJ/cm .
Development was in Cyantek UPT-1 positive photoresist
developer at 24 C for times ranging from 30 to 60 seconds.
Measurements of the control line were made with the Vickers
microscope under reflected illumination. The results can be
seen in Figure #7.
Coating Procedure
As stated earlier the gelatin concentration of the
emulsion was at 5% in its original state. A series of tests
were run changing both the temperature and the gelatin
concentration of the emulsion. Initially the emulsion was
coated at the 5% gelatin concentration. Due to the
inability of the emulsion to coat evenly across the plates
it was diluted to a 3% concentration under the idea that the

















































AZ 1350 J POSITIVE PHOTORESIST CHARACTERIZATION
FIGURE #7
22
This was noted by the presence of comets (Figure #8),
gelatin slugs and foreign matter (Figure #9), and uneven
topography of the emulsion (Figure #10). In addition to
thinning the emulsion the surfactant saponin was added.
This surfactant did help in the evenness of the coating on
the plate but the problem of a lack of photographic densitiy
53
arose. With the emulsion density below a minimum of 1.00
the resist would receive unwanted exposure, therefore
deteriorating the minimum line width achievable. By
reviewing notes on coatings the idea of thickening the




it was decided to thicken the emulsion by one
of three means: 1) to add formaldehyde to partially harden
the emulsion, this in effect would thicken the emulsion.
The problem with using this hardening agent is that it is a
reducing agent with respect to silver halide grains. 2) the
use of ethyleneglycol as the thickening agent. One of the
problems with using this is that it changes the adhering
properties of the gelatin. 3) the addition of gelatin was
found to have the least side effects on the emulsion. Inert












The gelatin concentration of the emulsion was increased
by increments of 2.5% through the range of 5% to *\5%. For
each of these concentrations the temperature of the emulsion
was also tested within the range of 25 to 35 C in increments
of 5 C. Saponin was added on the order of 1ml / 25ml of
emulsion. The plates to be coated were pre-coated with
positive resist to simulate use of the emulsion on the
correct substrate. They were raised in temperature just
prior to the actual coating procedure to a temperature of
ten (10) degrees more that that of the emulsion. Testing
the change in gelatin concentration was carried out by
over-exposing the plates to a broad band source and
processing for a specific time. The overall density of each
plate was measured with a McBeth TD-504 densitometer (Figure
#11). Along with density physical damage and evenness of
the coatings were noted (Table #2). The criteria for
picking the combinations of gelatin
concentration and
temperature was based not only on the overall density of the
emulsion but also the visual evenness and lack of damage to
the resist sub-layer. Due to the surface tension of drying
the gelatin, the coating with the greatest density resulted















PROPERTIES OF THE VARIOUS COATINGS OF EMULSION
GELATIN CONC. TEMPERATURE DENSITY DAMAGE
(*) ( C)
5.0 25 0.45 DENSITY LOW
7.5 25 1.82 NO DAMAGE
10.0 25 3.79 EXCESS DAMAGE
12.5 25 - NOT TESTED
15.0 25 - NOT TESTED
5.0 30 0.59 DENSITY LOW
7.5 30 0.88 DENSITY LOW
10.0 30 0.94 UNEVEN
12.5 30 1.08 COMETS
15.0 30 0.71 DENSITY LOW
5.0 35 1.51 GEL SLUGS
7.5 35 1.62 UNEVEN
10.0 35 1 .41 NO DAMAGE
12.5 35 0.92 UNEVEN
15.0 35 0.71 DENSITY LOW
29
The combinations of gelatin concentration and temperature
selected for the final experimental phase were:
Gelatin Cone. Temperature Density
7.5 % 25 C 1.82
10.0 % 35 C 1.41
Development of the emulsion coatings was carried out in
Cyantek Photomask Developer PD-86, which is similar in
characteristics to Kodak High Resolution Plate Developer.
Development time was two minutes at 24 C.
The emulsion was stripped from the photoresist coated
plate by using a dilute solution of HC1+ H 0 in the
proportions of 1+6 acid to water. This solution because of
its ionic state does not interfere with the properties of
57
the positive resist material. This solution had an
elevated temperature of 45 C and gentile scrubbing
facilitated the removal of the emulsion.
Design of Experiment
The following factors were used in the analysis of the





It was felt that these four factors would affect the size of
any given line that would be imaged with this system.
In this investigation the gelatin concentration is
related to the photographic density. As the concentration
increases the density decreases. The emulsion density would
affect the amount of exposure that the resist received. If
the emulsion density was less than needed the resist would
become exposed and the subsequent line imaged would become
either smaller for light field applications and larger for
dark field applications. Throughout the remainder of the
experimental and subsequent discussions the image will
consist of a light bar on dark background.
The emulsion exposure determines the first generation
line image on the plate. If this is not correct the
resulting resist image will be incorrect due to the 1 to 1
size relationship involved in this system. An over exposure
will result in too small a line and under exposure will
result in too large a line. The exposures used to image the
2 2
emulsion were 2.68 uJ/cm at the low end and 4.07 uJ/cm at
the high end.
Emulsion development will determine the line width by
means of over and under development. If under developed the
line will be larger than the desired size. If over
developed the line will become smaller than the desired
size. The development times were 2.5 minutes at the low end
31
and 3.5 minutes at the high end. The processing chemistry
used was Cyantek PD-86 developer at 24 C, pH 11.625. The
plates were immediately submersed into Cyan Tek PF-95 fixer
for 30 seconds at 24 C, pH 5.365.
The resist exposure is a determining factor in the size
of the line to be imaged. For light fields if the resist is
under exposed the line will be larger. The converse is true
for over exposure of a bar in a light field.
58 5Q
The Yates method of statistical analysis
'
was used
to study the effect of each of these four factors and their
interactions. The method pays special attention to
experimental plans that call for the study of the effect on
a response of k_ factors (k = 4 in this case) each at two
levels. This design is often called a 2 factorial
experiment. The two levels of each factor are denoted as
high and low. The complete factorial design requires that
each level of every factor occur with each level of every
other factor, giving a total of 2 treatment combinations.
In this design there are 2 or 16 treatments to be run.
This number of treatments is increased by multiplying by the
number of replications to be run (two replicates were made).
In this case a total of 32 treatments were run. The
factorial experiment allows the effect of each and every
factor to be estimated and tested independently through
analysis of variance. By using what is called the half
32
effects of the results of this design the direction in which
the researcher should move towards next can be shown.
The actual design uses one maximum level and one
minimum level of each factor. For instance in this
experiment the emulsion gelatin concentration was at 7.5%
for a minimum and 10.0% as the maximum. A listing of each




The line measured for the completion of this portion of
the experiment was a 5.0 um line in a dark field. This line
was the minimum size line clearly imaged for all of the 16
different treatments including both sets of replicates.
Table #3 contains the raw data as measured, the Yates
factorial results and the half effects.
The Yates column of values is the total of the squares
of the sums for each column then divided by the number of
treatments, 32 for this experiment. These values were then
compared to an
"f"
value at the 95% confidence level, 4.494
at f(.05, 1, 16). If the Yates value was smaller than the
"f"
value that factor would be considered insignificant. On
the other hand the remaining factors would be considered
significant and therefore they could be contributing factors
to the final result of the test. This system of analysis
can be used for most imaging systems where comparisons of
some type of measured value can be entered into the Yates
table.
The half-effects of the Yates values are calculated by
taking the last column of additions and the dividing them by
the toatal number of treatments. This allows the researcher
to take a look at the direction in which the experiment is
34
moving. The factors _, b_, c_, and d_ are once again the
emulsion gelatin concentration, the emulsion exposure, the
emulsion processing time, and the resist exposure.
TABLE #3
RESULTS OF LINEWIDTH MEASUREMENTS AND YATES FACTORIAL DESIGN
DATA (um) YATES HALF EFFECTS
REPLICATES
1 2
(1) 0.0 0.0 6.9931
a 6.346 6.854 33-8207 0.8931
b 6.374 6.996 22.8274 0.7338
ab 7.022 7.970 104.3438 -1.5688
c 7.310 6.648 22.5559 0.7294
ac 8.924 7.096 58.4753 -1.1744
be 8.524 8.312 20.3328 -0.6925
abc 7.334 7.266 61.1823 1.2013
d 0.0 0.0 12.3636 0.5400
ad 12.028 13.482 0.0001 -0.0005
bd 10.514 9.410 4.3927 -0.3219
abd 6.510 6.454 13.2667 -0.5594
cd 8.834 7.590 10.3366 -0.4938
acd 6.796 8.260 2.7570 -0.2550
bcd 7.414 9-408 1.4025 0.1819
abed 8.268 5.592 22.4785 0.7181
35
DISCUSSION
The Yates analysis shows that for a confidence level of
95% that interactions ad , bd , acd , bed do not have any
significance on the outcome of this imaging system. However
because there are so many other interactions that are
significant that looking at the half effects will tell more
of what has happened. Manipulating the half effects by
adding the a, b, and c effects to the ( 1 ) effect and then
subtracting the same factors from the ( 1 ) factor a plot of
these values will show each effect on the imaging system
(Figure #12). The axis of the graph are unitless. This
type of graph is used to illustrate what direction future
testing should move towards. What is shown in this figure
is that on of two things has happened: 1) by increasing each
of these factors control of the line width has become better
and 2) because all four have similar slopes and end points
on the +( 1 ) side the windows or range of each factor was not
wide enough. To illustrate this point it was expected that
when the first three factors consisting of emulsion gelatin
concentration, exposure, and developnment were at their
maximum the control of the line width would be at its best
but for the resist exposure to be still climbing to a higher
value shows that the optimum has not been reached. A second














with a negative slope (dotted line, Figure #12). Also, by
changing the factor from gealtin concentration to
photographic density it could be seen that by lowering the
density the linewidth improved. By increasing the windows
of each of these factors above what has been illustrated
here should begin to show the maximum values for each
factor.
Confirmation of the analysis of the half effects plot
can be made by plotting line width measuremants of the
plates imaged with the least of each factor and the maximum
of each value (Figure #13). The best line width control is
most definately found in the plot of plate ABCD. This plot
may seem to be mis-leading with respect to photographic
density. The density of this interaction is the lesser of
the two used for this experiment. This is in coincidence
with Kodak's published data sheet for Kodak High Resolution
Plate, Type 1a.
In addition to the half-effects plot images of the 5um
line for the ABCD and AD treatments are visual evidence of
these plots (Figures #14, #15). The effects of the emulsion
exposure on the final image of the reticle can be explained
by the fact that as the emulsion nears the correct exposure
for a given line the edges of the image become more sharply
defined. A schematic representation of these problems are
shown in Figure #16. In the over exposure bleeding of the
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TREATMENT ABCD 5um LINE BEST RESULTS
FIGURE #14
40
TREATMENT AD 5um LINE WORST RESULTS
FIGURE #15
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EFFECTS OF EXPOSURE ON IMAGE QUALITY
FIGURE #16
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edges occurs resulting in a smaller linewidth. When the
emulsion is underexposed a gradual transition from dark to
light occurs resluting in poor image quality and a larger
linewidth. A graphical representation of linewidth versus
emulsion exposure can be seen in Figure #17. Here the graph
shows that the maximun emulsion exposure has not yet be
achieved.
The only major problem with this imaging system was
pinholing in the final image. These pinholes are possibly
the result of any combination of the following factors: 1)
a drop in the concentration of silver halide grains due to
the increased concentration of the gelatin; 2) poor mixing
of the emulsion and gelatin prior to coating; 3) resist loss
during either the emulsion development stage or the emulsion
stripping stage. These defects are not considered serious
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It is felt that this investigation has successfully
demonstrated the feaseability of coating a silver halide
emulsion on top of a positive photoresist coated chrome
reticle blank to yeild a 5um line. The fact that the
emulsion development had minimum effects on the resist's
imaging capability and the ability to safely remove the
emulsion with minimum damage to the resist demonstrates this
feaseability.
The need of a buffer layer between the emulsion and the
resist was deemed unnecessry. There are two reasons for
this: 1) the total energy used to expose the emulsion was
approximately five orders of magnitude less than what was
needed to expose the resist. The formation of the ketene
(Figure #4) did not occur therefore no development could
occur in the resist. 2) The photographic developer had a pH
of 0.9 less than the resist developer therefore little
damage occured to the resist during the emulsion development
stage.
In early stages of this research it was believed that




and Gelatinase #3 would have to be employed
to successfully strip the emulsion without damaging the
45
water mixed in the ratio of 1+6, respectively, was a safe
stripping agent. This solution was used at 45 C, the pH
was 0.703 at 20 C.
Refinements in all stages of the process should be
investigated at a later date. The only reason for any doubt
as to the success of this experiment is the problem of
pinholing in the final image.
Recapitulating the methods used to obtain the optimum
image for this investigation:
1) Emulsion gelatin concentration (%) 10.0
2) Emulsion spin temperature ( C) 35-0
3) Emulsion density (photographic) 1.41
4) Emulsion exposure (uJ/cm ) 4.07
5) Emulsion process (min at 24 C) 3.5
6) Resist exposure (m/cm ) 207-6
7) Resist development (sec at 24 C) 40.0
8) Chrome etch (sec at 45 C) 60.0
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test for confidence levels of
Vickers Image Shearing Microscope
"Z"
is a level of significance for a given confidence
level, in this case 95% confidence level.
( x - u)
Z =
( / n)
Z should be less than 1.65 for x to be within 95%
limits
x = mean of measured values
u = control line width ( 31-93 + 0.05um)
2
= s from measured values












x = 31.986 s = .073
s2
=
.005 Z = 1.126
Therefore the measuring capability of the Vickers microscope
has a level of 95% confidence associated with it.
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APPENDIX 2
Definition of the factors in the Yates factorial design
The four factors investigated in this experiment were:
Teatroent - +
A) Emulsion Gelatin Concentration 7.5% 10.0%
B) Emulsion Exposure (uJ/cm2) 2.68 4.07
C) Emulsion Development (minutes) 2.5 3.5













































1 ,000 A AR Chromium
10,000 A Shipley 1350J Positive Photoresist
Baked at 90 C for 1 hour
Donated by Tau Laboratories
Poughkeepsie, N.Y.
Reticle Dummies (glass plates)
4X4 inch




UPT-1 Positive Photoresist Developer
Resist Stripper
RS-2 Positive Photoresist Stripper
Chromium Etchant




PD-86 Negative Photomask Developer
Fixer
PF-95 Photomask Fixer
*A11 chemicals were donated by Cyantek, Mountain
View, California.
General Chemicals
Glacial Acetic Acid, 99-7%







single speed, variable size chuck to accommodate 4X4
plate
Convection Oven*
temperature range 20 C to 40 C, to house spin coater
Photorepeater Camera*
D.W. Mann, imaging area 2.5 X 2.5 inches, to
accommodate a 4 X 4 inch plates, object reticle is
2 3/8 in. square, with useable image area of 1 9/16 in,
square, xenon flash source
Contact Printer*
Kasper Wafer Aligner model #2000
mecury sourced, 4X4 capability
Test Target
line width range from 50 um to 0.5 um, 6 bars with
7 spaces, with alternating , long bars 9X width and
short bars 6X width of line, including a checker board
pattern 5X the line width (supplied by A.M.I.)
Developing Equipment
dip and dunk sink line set-up w/ tanks large enough to




Vickers Image Shearing Microscope
model # Engineering M-17
micrometer driven objective stage w/ digital readout
Donated by A.M.I.
Spectrophotometer**





* All equipment is available in the Micro-Electronics
Department, R.I.T.
** All equipment is available in the Photographic
Science and Instrumentation Division, R.I.T.
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